SUMMARY The clinical features of two brothers and one nephew with X-linked recessive bulbospinal neuronopathy are described. The neurophysiological investigations and sural nerve biopsy, previously unreported, confirmed that both motor and sensory nerves are affected. Because of the genetic implications, the importance is stressed of recognising this disorder as a separate entity which should not be classified with the spinal muscular atrophies.
together with their neurophysiological findings and the results of a muscle and sural nerve biopsy taken from one. Nerve histology has not been previously described.
Case reports 11 2, a 70 year old retired dockyard statistician, had a long history of hand tremor and intermittent episodes of bronchial asthma; he was otherwise well until the age of 58, when he developed difficulty climbing stairs, and soon after became aware of weakness in his arms and hands. When 65, he noticed progressive slurring of speech, difficulty with mastication and ankle weakness. At present he is unable to get up from a low chair, finds walking up stairs difficult and can no longer chew or swallow solid food. On examination, he was dysarthric and had wasting and weakness of the muscles of mastication and the face with peri-oral fasciculations. There was diminished palatal and pharyngeal movement and wasting, weakness and fasciculations in the tongue. He had global wasting and weakness in the arms and legs with widespread fasciculations. All tendon reflexes were absent. Sensory testing was normal. He had a fine tremor of the outstretched hands and gynaecomastia.
14, a 66 year old retired engineering instructor, developed muscle cramps in his thighs and forearms and a tremor of both hands in his early thirties. At atal and pharyngeal movement. There was wasting, weakness and fasciculations of the arms and of the small muscles of both hands. He had bilateral proximal wasting, weakness and fasciculations in the legs, the right thigh being more affected than the left. All tendon reflexes were absent. Sensory testing was normal. He had a fine tremor of the outstretched hands, gynaecomastia and an exaggerated lumbar lordosis. III 8, aged 42 years, was seen during the screening of the asymptomatic members of the family. He admitted that he had occasional cramps in both legs and also he had noticed fasciculations in all four limbs for several years, but he was not aware of any weakness, nor of any difficulty swallowing Histological examination of the sural nerve biopsy from the same patient showed obvious depletion of myelinated fibres (fig2). No other abnormality was visible using light microscopy, but ultrastructurally there was evidence of both segmental demyelination and axonal degeneration. Many larger diameter axons lacked myelin or were inappropriately thinly myelinated, often with myelin debris in the associated Schwann cell cytoplasm, and there was a generalised increase in endoneurial collagen (fig 3) . There was some proliferation of Schwann cell processes and reduplication of their basement membranes, but no onion bulb formations were found. Other axons appeared degenerate, with focal swelling and abnormal accumulation of neurofilaments, mitochondria and irregular membranous profiles (fig4).
Teased fibre preparations showed changes of segmental demyelination, with thinly re-myelinated internodes or shorter intercallated segments in several fibres examined ( fig 5) . No Wallerian-type degeneration was seen, but some fibres showed evidence of distal axonal regeneration, with abrupt transition along the fibre from normal length internodes to uniformly much shorter ones. 
Discussion
In 1956, Kugelberg and Welander7 described a recessively inherited disorder characterised by slowly progressive proximal muscular wasting and weakness starting in childhood which resulted from chronic degeneration of anterior horn cells. Since then numerous different forms of spinal muscular atrophy have been described with variation in age of onset, pattern of predominant muscle involvement and mode of inheritance, one such form being reported by Kennedy and colleagues.' The findings of Harding and colleagues6 of sensory nerve involvement in patients with this disorder suggest that it is not simply a primary degeneration of the anterior horn cell. They thus renamed the disorder as it was no longer feasible to classify it as a form of spinal muscular atrophy.
We have reported three patients, two of whom had previously been erroneously classified as having spinal muscular atrophy, with X-linked recessive bulbospinal neuronopathy, to draw further attention to its existence as a distinct entity because of the importance of its genetic implications. Its clinical features make it a well-defined condition and if clinicians are aware of its existence the diagnosis should be easily made.
In an X-linked recessive disorder, there is a high chance of males developing the condition in isolation with a negative family history. It is probable that many cases of bulbo-spinal neuronopathy have been included erroneously in case reports of other adult onset spinal muscular atrophies or motor neuron disease because this specific disease entity and inheritance pattern has not been recognised.
All daughters of patients with this disorder will be obligate carriers and will have a 50% chance of transmitting it to their male offspring. As yet there is no way of identifying female carriers. Table 1 shows the average of three blood samples from both obligate and possible carriers. Only one obligate carrier has an elevated creatine kinase level, although III 10, the daughter of an obligate carrier, had a level at the upper limit of normal suggesting that she may be a carrier, but we suspect that creatine kinase levels will not be of value in identifying possible carriers, a conclusion shared by Ringel and colleagues. 4 We have confirmed the findings of Harding and colleagues of the involvement of sensory pathways in this disorder. The sural nerve histology showed evidence of axonal degeneration and segmental demyelination, together with marked endoneural fibrosis, these features being indicative of a chronic neuropathy. We 
